In plants, double-stranded (ds) RNA that is degraded in these systems occurred through RNA silencing or homologous DNA pairing, we were interested in whether to small (sm) RNAs that are ‫32ف‬ nucleotides in length can trigger the degradation of homologous the H 9NP silencing locus, which induces TGS and the methylation of an unlinked target nopaline synthase pro- symmetrical C methylation that is confined to the region of dsRNA-DNA homology is characteristic of RdDM [15] .
symmetrical C methylation that is confined to the region of dsRNA-DNA homology is characteristic of RdDM [15] . 
Results and discussion

Previous work has demonstrated that HC-Pro of tobacco
Although dsRNA is required for the RdDM pathway [1, 4, 15] , it is not known whether the intact dsRNA or smRNA etch virus does not suppress TGS in two different promoter homology-dependent gene-silencing systems, H 2 degradation products provide the signal for homologous DNA methylation. The minimal DNA target size of and 271 [11] . Because it was not clear whether silencing NOSpro dsRNA, or to improved stability of the smRNAs quantity of NOSpro smRNAs observed in the presence out as described previously [14] . SacII recognizes C*C*GCGG, NheI of HC-Pro was probably due to the enhanced stabilization recognizes GCTAGC*, and DdeI recognizes C*TNAG. Asterisks of these RNAs.
indicate cytosine methylation known to inhibit enzyme activity. An increase in methylation at the NheI site was quantified by scanning autoradiograms with a Pharmacia Image Master System.
In an additional test of the silencing ability of NOSpro dsRNA, we introduced a transgene locus, H 7NP , which encodes a polyadenylated NOSpro single-stranded (ss) nucleus, where we assume it is degraded to smRNAs to verify RNA quality and loading levels. The isolation of total RNA because this degradation was not suppressed by HC-Pro.
from tobacco leaves, gel electrophoresis, and Northern blot analysis using an actin probe were performed according to previously
The nuclear localization of NOSpro dsRNA would also published procedures [12] . The methods used to isolate and analyze account for its inability to fully trigger PTGS of a polyadedouble-stranded RNAs and smRNAs are detailed in [4] . Differences nylated NOSpro ssRNA that is presumably transported in the amounts of dsRNAs and smRNAs were determined by scanning to the cytoplasm, the cellular compartment where PTGS autoradiograms with a Pharmacia Image Master System. predominantly occurs. DsRNAs triggering PTGS can be synthesized in the nucleus by transcribing through IRs, but they must be transported to the cytoplasm, which RNA [12] . Although this RNA is not translatable, other presumably occurs most efficiently with a polyA tract [19, subset of dsRNAs, which we suggest are transported to, or synthesized in, the cytoplasm ( Figure 5) . Alternatively, the effects of HC-Pro on smRNA accumulation that we These findings indicate that even though PTGS and TGS have observed might be restricted to those derived from can each be initiated by dsRNA that is processed to dsRNAs synthesized from IRs. If so, smRNA accumulasmRNAs, alternative degradation pathways that are differtion associated with PTGS triggered by IR transgenes, entially affected by HC-Pro are involved. The choice of similar to our TGS system, should be unaffected or even one or the other pathway might be based on qualitative or enhanced in the presence of HC-Pro. quantitative differences in dsRNAs derived from various sources. We believe that our data as a whole can be explained best by a model that posits separate nuclear or While the cytoplasmic location of HC-Pro can account for its inability to block smRNA accumulation in the nucleus, cytoplasmic compartmentalization of dsRNAs and processing proteins ( Figure 5 ). HC-Pro proteins are encoded an explanation is still required for the puzzling increase in the level of NOSpro smRNAs observed in HC-Proby RNA viruses that replicate exclusively in the cytoplasm, and they are not found in the nucleus except as expressing plants. The fact that HC-Pro did not substantially alter the amount of dsRNA suggests that the increase components of inclusion bodies during advanced stages of pathogenesis [18] . The NOSpro dsRNA, which is not in the amount of smRNAs could be accounted for by able simultaneously indicates that dsRNA degradation does not go to completion but is in steady state equilibrium with other steps.
A possible role for smRNAs in directing homologous DNA methylation is suggested by the increased methylation at an NheI site of the target NOSpro observed in K 81 /H 9NP / HC-Pro plants, which have elevated smRNA levels. Further conclusions about smRNAs and RdDM are precluded in this study because methylation at both symmetrical and nonsymmetrical Cs was complete in the presence of the H 9NP silencing locus. However, it is attractive to consider that smRNAs derived from dsRNA cleavage are able to target not only RNA degradation in the cytoplasm but also homologous DNA methylation in the nucleus. A potential candidate for the DNA methyltransferase involved in RdDM is the chromomethylase [23] . This enzyme, found so far only in plants [24] , could associate with a guide smRNA through the chromodomain, which can function as an RNA interaction module [25] . Processing of nuclear dsRNAs could be carried out by the RNAs required for RNAi [27] (Figure 5 ).
of the RNase complex involved in PTGS (filled, gray circles), whereas its presence enhances the accumulation of smRNAs associated with
There is increasing awareness that RNA can direct homol- tants defective in this pathway.
Possible candidates for dsRNA processing to smRNAs include CARPEL FACTORY (CAF) [25] in the nucleus and a protein similar to Dicer [26] in the cytoplasm. RdDM could be directed by smRNAs would be present in limiting amounts and, unlike HC- tides. The fact that the smRNAs and dsRNA are detect-
